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GenderTogether with pharmacoresistant seizures, the quality of life of temporal lobe epilepsy (TLE) patients is neg-
atively impacted by behavioral comorbidities including but not limited to depression, anxiety and cognitive
deﬁcits. The pilocarpine model of TLE has been widely used to study characteristics of human TLE, including
behavioral comorbidities. Since the outcomes of pilocarpine-induced TLE might vary depending on several
experimental factors, we sought to investigate potential gender-related differences regarding selected
behavioral alterations in C57BL6 mice. We found that epileptic mice, independent of gender, displayed in-
creased anxiety-like behavior in the open-ﬁeld test. In the object recognition test, epileptic mice, regardless
of gender, showed a decreased recognition index at 24 (but not at 4) hours after training. On the other hand,
no signiﬁcant differences were found regardingmice learning andmemory performance in the Barnes maze
paradigm. Motor coordination and balance as assessed by the beam walk and rotarod tests were not im-
paired in epileptic mice of both genders. However, female mice, independent of epilepsy, performed the
beam walk and rotarod tasks better than their male counterparts. We also found that only male epileptic
mice displayed disturbed behavior in the forced swim test, but the mice of both genders displayed
anhedonia-like behavior in the taste preference test. Lastly, we found that the extent of hilar cell loss is sim-
ilar in both genders. In summary, both genders can be successfully employed to study behavioral comorbid-
ities of TLE; however, taking the potential gender differences into account may help choose the moretaMaria, CentrodeCiências da Saúde, Departamento de Fisiologia e Farmacologia, Av. Roraima, n° 1000, Prédio 21, sala 5207, CEP
143C.V. Oliveira et al. / Physiology & Behavior 143 (2015) 142–150appropriated gender for a given task, which may be of value for the minimization of the number of animals
used during the experiments.
© 2015 Elsevier Inc. All rights reserved.1. Introduction
Epilepsy is a common neurological disease that affects approximate-
ly 0.6% of the entire population [1]. Temporal lobe epilepsy (TLE) is the
most prominent of the acquired epilepsies, it is considered the most
common type of partial complex seizure in adulthood [2]. TLE is
commonly preceded by an initial brain injury, such as an episode of
prolonged seizures or status epilepticus (SE), complicated childhood fe-
brile seizures, hypoxia or traumatic brain injury, which leads to chronic
epilepsy with spontaneous recurrent seizures (SRS) [1]. In addition to
SRS, most epilepsy patients display behavioral comorbidities, including
but not limited to depression, anxiety and psychosis, and impaired cog-
nitive performance [3].
Most of the characteristics of TLE can be reproduced in chronic ani-
mal models, such as the pilocarpine model [4]. Pilocarpine-induced SE
elicits the appearing of SRS, and also abnormal behaviors that are similar
to behavioral abnormalities in patients with TLE. Therefore, the pilocar-
pine model has been very useful to the study of the relationship be-
tween epilepsy and its behavioral comorbidities [4].
Outcomes of pilocarpine-induced SEmight vary depending on spe-
cies and strain, mainly with respect to seizure sensitivity and seizure-
induced effects [5]. In fact, several studies have shown differences in
seizure susceptibility and seizure-induced effects between different
mouse strains [6], and even between mice of the same strain that
have been bred separately [7,8].
C57BL/6 mice are one of the oldest and most widely used inbred
strains in biomedical research, and are commonly used as a genetic
background to create transgenic and knockout mice [9]. Using a behav-
ioral test battery for studying behavioral and cognitive alterations in the
pilocarpine model of TLE in C57BL/6 mice, Müller and colleagues in
2009 found that epileptic mice exhibit behavioral and cognitive alter-
ations reﬂecting the several disturbances that are associated with epi-
lepsy in humans [8]. Given the importance of pilocarpine model of TLE
in C57BL/6 mice and in light of the need for prevent, limit, and reverse
the comorbidities associatedwith epilepsy and its treatment [4], further
characterization of the behavioral alterations elicited by pilocarpine-
induced SE is important. In this context, to the best of our knowledge,
the inﬂuence of the gender in the behavioral alterations following
pilocarpine-induced SE in C57BL/6 mice has not been studied yet.
Therefore, the present study aimed to investigate the occurrence of
gender-related differences regarding selected behavioral alterations in
C57BL6 mice after pilocarpine-induced SE, in order to shed some light
on the impact of gender in this model of TLE.
2. Materials and methods
2.1. Animals and reagents
Male and female C57BL/6 mice (20–30 g; 30–60 day-old at the time
of SE induction) were used. Animals were maintained under controlled
light and environment (12:12 h light–dark cycle, 24± 1 °C, 55% relative
humidity)with free access towater and food (SupraTM, SantaMaria, RS,
Brazil). All experimental protocols were designed in the aim to keep the
number of animals used to a minimum, as well as their suffering. These
were conducted in accordance with national and international legisla-
tions (guidelines of Brazilian Council of Animal Experimentation —
CONCEA — and of U.S. Public Health Service's Policy on Humane Care
and Use of Laboratory Animals — PHS Policy), and with the approval
of the Ethics Committee for Animal Research of the Federal University
of Santa Maria (process 098/2012).Methylscopolamine, pilocarpine and diazepam were purchased
from Sigma (Sigma-Aldrich, St. Louis, Missouri) and were dissolved in
0.9% NaCl to 0.1 mg/mL, 32 mg/mL and 2 mg/mL, respectively.
2.2. Induction of SE by pilocarpine
SE was deﬁned by continuous stage 3 to 5 seizures [10] during at
least 30 min without regaining consciousness (unresponsiveness to
any environmental stimuli) together with loss of postural control. This
deﬁnition is consistent with that being commonly used in the rat pilo-
carpine model [11].
To induce the SE in mouse, pilocarpine was injected intraperitoneally
(i.p.). In order to avoid peripheral cholinergic effects, methylscopolamine
(1mg/kg; i.p.) was administered 30min before the application of pilocar-
pine. For induction of seizures, an initial injection of 320mg/kg of pilocar-
pinewas administrated (i.p.). If during theﬁrst hour the animalwas not in
SE, a second dose of 225mg/kg of pilocarpine was injected, and if 40 min
after the second dose the mice was not in SE another injection of pilocar-
pine (225 mg/kg) was applied, thus, the maximum number of repeated
pilocarpine injections was restricted to three.
All the mice that developed SE received diazepam (10 mg/mL)
after 60 min in SE, to stop seizure activity. To facilitate recovery
after SE, all the mice were injected with 0.5 mL of Ringer solution
(NaCl 130 mmol/L, KCl 4 mmol/L, CaCl2 1,5 mmol/L, glucose
20 mmol/L) in the afternoon following SE as well as at least twice
daily during the next three days. No systematic observations were
done to detect spontaneous seizures in all the mice, but we noted
clear convulsive behavior in most mice during handling, weighing or
other manipulations. In addition, several studies have shown that all
the C57BL/6 mice experiencing SE become epileptic [7–9].
2.3. Behavioral testing
The general procedures for behavioral tests in pilocarpine-epileptic
mice were carried out according to Gröticke et al. [12]. Accordingly,
behavioral tests started 2 months after SE (i.e. in the chronic phase of
pilocarpine-induced epilepsy). In the ﬁrst set of experiments, the
animals were evaluated in the following paradigms: open-ﬁeld, object
recognition, beam walk, taste preference and forced swim tests. The se-
quence of behavioral tests was organized from the least to themost aver-
sive, with an inter-test interval of at least 1 day [12]. In the second set of
experiments a separated group of animals was subjected to the Barnes
maze test, and a third independent group of animals was used for the
rotarod test and for histological analysis. All behavioral tests were carried
out under artiﬁcial light and controlled conditions of temperature (22 ±
1 °C). Any animal presenting a clearly visible seizure (stage ≥3 in the
Racine's scale) at least 1 h before the test was not tested in that same
day. If an animal presented a seizure during the test, it was not included
in the data analysis pertinent to that parameter/test. By using this ap-
proach, one SE animal of each gender was excluded from all analyses.
The experiments were arranged in a way that eliminated every
disturbance or affection by the presence of other mice or the exper-
imenter of the respective mouse that was subjected to a behavioral
experiment, except when the mice needed to be handled and ob-
served by an experimenter.
2.4. Open ﬁeld
The animals were placed in the central area of a round open ﬁeld
(56 cm in diameter), which had its ﬂoor divided into 10 equal areas.
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arena andwere considered as peripheral areas. The remainingﬁve areas
that had no contact with the walls of the apparatus were considered as
central areas. The latency to leave the central area and start the open-
ﬁeld exploration was measured as an index of anxiety-like behavior,
as well as the time spent in central areas. The number of crossed areas
(crossing) as well as the number of rearing responses (animal stands
on its hind legs) was recorded for 5 min [13]. Altogether, these param-
eters served to evaluate spontaneous locomotor activity and anxiety-
like behavior.
2.5. Object recognition
Object recognition test was performed according to Bevins and
Besheer [14]. The test consisted of three sessions, namely, training
(ﬁrst session), short-term memory evaluation (second session; 4 h
after training), and long term memory evaluation (third session; 24 h
after training). During the training session, two identical objects (trans-
parent cylindrical plastic bottles) were equidistantly placed in the
center of the same open-ﬁeld arena described above, and the time
spent in the exploration of each object was recorded during 5 min.
Four hours after the training one of the bottles was replaced with a
new object (a plastic red apple), and the time spent in the exploration
of each object was measured over 5 min. At last, 24 h after training
the plastic red apple was replaced for another new object (triangular
plastic cup), and the time spent in the exploration of each objectwas re-
corded during 5min. Data collected 4 or 24 h after trainingwere used as
measures of short- and long-term memories, respectively. The object
recognition index was calculated with the following formula: Recogni-
tion index = (time spent in new object) / (time spent in the new
object + time spent in the already known object). Smaller values of
the recognition index are indicative of novel object memory impair-
ment. The analyses excluded test (4 and 24 h) data from any subject
that failed to explore the objects in any of the test sessions.
2.6. Beam walk
BeamWalk test was performed according to Irintchev et al. [15] in
order to assess ﬁnemotor coordination andmotor learning andmemo-
ry in epileptic mice. The task consisted of two training sessions and one
testing session, inwhich two trials were given for each animal by day. In
each trial, the time to cross a thin (1.5 cm×75 cm)woodenbar elevated
90 cm from the ﬂoor was recorded. A longer time to cross the beam is
indicative of an impairment in balance and/or motor coordination.
2.7. Rotarod test
Fine motor coordination and learning was assessed by using the
rotarod test as described by Wahlsten et al. [16], with some modiﬁca-
tions as follows. In order to keep proximity with the beam walk test,
we designed a protocol similar with the rotarod test. The task consisted
of two training tests and one testing sessions, carried out in 3 different
days. At each training session, the mice were trained on the rotarod
(3.7 cm in diameter, 8 rpm constant speed) throughout a session of 10
trials; each trial starts with the mouse being placed in the apparatus
and ends when the mouse falls off the rod or after reaching the cut-off
time of 60 s. A resting time of 60 s was allowed between each trial. In
the testing session two trials of 300 s each were performed with a rest-
ing time of 180 s between the trials. The latency to the ﬁrst fall was
recorded.
2.8. Taste preference test
The consumption of a sweetened solution is a taste preference ex-
periment designed to examine a behavioral correlate of anhedonia
(i.e. inability to experience pleasure) [17]. In this test mice wereplaced in individual cages. Each cage gave access to two bottles,
one with water (100 mL) and the other with a 4% aqueous sucrose
solution (100 mL). Water and sucrose consumptions over 24 h
were measured and sucrose preference was evaluated. Lower sucrose
preference is indicative of anhedonia and therefore of depressive-like
behavior.
2.9. Barnes maze
Barnes maze was performed according to Oliveira et al. [18]. The
maze consisted of a 120 cm diameter circular wooden table, 3.5 cm-
thick and elevated 90 cm above the ﬂoor. Twenty holes, 6 cm diameter,
were equidistantly located around the perimeter and centered 5 cm
from it. The apparatus was located in a 4 m × 4 m test room. A black
wooden escape tunnel (10 cm × 10 cm × 30 cm) was placed beneath
one hole, selected randomly for each mice but remained constant
throughout the training sessions for a given mice. The remaining 19
holes led only to a false escape box (10 cm × 3.5 cm × 10 cm which,
from the platform, appeared indistinguishable from an escape box but
was too small to be entered; false boxes removed visual cues that
might be observed through an open hole. Above the platform (height
45 cm) there is a white halogen lamp (300 W), which gave a bright
illumination of the maze as the aversive stimuli. The mice were
trained to ﬁnd the escape hole; each subject was placed in the escape
box for 1 min, then into a cylindrical opaque chamber (start box) in
the center of the maze. With light on, the start box was removed
and the mouse was allowed to explore freely and ﬁnding the escape
box where it was allowed to remain for 60 s. A maximum latency of
180 s to ﬁnd it was allowed. Each mouse was given three consecutive
trials per day (180 s inter-trial interval), over four consecutive days.
In each trial, we recorded the time to reach the escape tunnel. The
test was used to evaluate the spatial learning and memory of mice
so that a higher time to ﬁnd the escape box is indicative of cognitive
deﬁcit as well as indicative of increased anxiety-like behavior. The
animals that failed to perform the task because of lack of exploratory
activity (3male controls, 1 female control, 1 male SE and 3 female SE)
were considered performance-incompetent and were excluded from
the analysis [19].
2.10. Forced swim test
The forced swim test was performed according to Sunal et al. [20], in
order to evaluate the depressive-like behavior in epileptic mice. The
mice were placed in individual, clear polyvinyl chloride (PVC) cylinders
(30 cm tall × 10 cm diameter) containing 23–25 °C water (20 cm-deep
to prevent the mouse's tail from touching the cylinder bottom). Water
was changed between subjects. The immobility time during the 5 min
of testwas recorded. Immobilitywas assignedwhenno additional activ-
ity was observed other than that required to keep the mouse's head
above water. Increased immobility time is an index of depressive-like
behavior.
2.11. Histological procedures
The mice were deeply anesthetized with Tiopental (125 mg/kg;
i.p.) and perfused transcardially with 50 mL of NaCl 0.9% containing
heparin (5 IU/mL) followed by 200 mL of 4% paraformaldehyde in
0.1 M phosphate buffer (pH 7.4). The brains were removed, and the
serial coronal sections of 40 μm (between−1.5 and−2.1 from breg-
ma) were cut on a vibratome (model KD400, Zhejiang Jinhua Kedi In-
strumental Equipment Co., Zhejiang, China). The sections were
washed in a phosphate buffer subjected to Giemsa staining process-
ing [21]. The staining was performed in triplicate for each mouse (i.e.
three sections per animal), and a single slide contained the sections
for all four experimental groups. The sections were mounted on
gelatinized glass slides and stained for 30 s in commercially available
Fig. 1.Gender-related differences in the sensitivity to pilocarpine-induced SE. (A) Number ofmice sensitive or resistant to entering SE and (B) number ofmice surviving or dying during SE.
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for 2 min in distilled water, dehydrated in three graded ethanol solu-
tions (70, 90 and 100%), cleared for 2 min in xylene and mounted
with Cytoseal 60 (Thermo Scientiﬁc, Waltham, MA, USA). Evaluation
of Giemsa-stained slides was conducted with 10× magniﬁcation
under a light microscope (Leica DFC290, Leica Microsystems, Wetzlar,
Germany), and the pictures of slices were taken with Leica Application
Suite v3.8. The number of cells within the dentate hiluswas assessed on
both hemispheres of each section and counts were averaged to result in
a single value for each mouse.2.12. Statistical analyses
Data were analyzed by two-way analysis of variance (ANOVA) and
expressed asmean+ standard error of themean. Data from the rotarod
test were analyzed by the Scheirer–Ray–Hare extension of the Kruskal–
Wallis test (non-parametric equivalent of two-way ANOVA) and
expressed as median and interquartile range. The Fisher's exact test
was used for frequency analyses. Post hoc comparisonswere performed
using the Bonferroni's test, when appropriated. A probability of P b 0.05
was considered signiﬁcant.Fig. 2.Effect of pilocarpine-induced SE and gender onmice behavior in the open-ﬁeld test. (A) Ti
and (D) number of rearing responses. *Indicates a signiﬁcant difference between epileptic and t
male and female mice, regardless of epilepsy. §Indicates a signiﬁcant difference between male
(male control n=13, female control n=7 for time in the center of the arena and n=9 for the o
8 for the other parameters).3. Results
3.1. Induction of seizures and SE by pilocarpine
Considering the susceptibility to SE, we found no signiﬁcant differ-
ences between the male and female mice (Fig. 1A). Accordingly, SE
was successfully induced in 68% (81/119) of the male mice and in 69%
(65/94) of the femalemice. The SE survival ratewasnot signiﬁcantly dif-
ferent between genders (Fig. 1B). In fact, 44% (36/81) of the male mice
and 49% (32/65) of the female mice died during SE (Fisher's exact test,
P N 0.05). These numbers are compatible with a large previous study
on the factors affecting the outcomes of pilocarpine treatment in a
mouse model of temporal lobe epilepsy [5].
3.2. Open-ﬁeld
Epileptic mice, independent of gender, spent less time in the center
of an open-ﬁeld arena [F(1,29) = 16.57; P b 0.0004— Fig. 2A], and pre-
sented increased latency to start the spontaneous exploration in this ap-
paratus [F(1,32)=10.64; P b 0.003— Fig. 2B] compared to age-matched
controls. On the other hand, no differences were found regarding the
number of crossings [F(1,32) = 0.2203; P N 0.05) — Fig. 2C]. Statisticalme spent in the center of the arena, (B) latency to start exploration, (C) number of crossings
heir respective controls from the same gender. #Indicates a signiﬁcant difference between
and female controls. Data are mean + standard error of the mean for n = 6–13 per group
ther parameters,male SE n=6, female SEn=7 for time in the center of the arena andn=
Fig. 3. Effect of pilocarpine-induced SE and gender onmice behavior in the object recogni-
tion test. (A) Time spent in object exploration during training and object recognition index
at (B) 4 or (C) 24 h after training (short and long memory, respectively). *Indicates a sig-
niﬁcant difference between epileptic and their respective controls from the same gender.
Data aremean+ standard error of themean for n=5–16 per group (A:male control n=
16, female control n= 13,male SE n= 9, female SE n= 11; B and C:male control n= 16,
female control n = 12, male SE n = 5, female SE n = 10).
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less rearing responses than control animals [F(1,32) = 20.37;
P b 0.0001 — Fig. 2D]. Control and epileptic female mice presented less
rearing responses than their male counterparts [F(1,32) = 6.306;
P b 0.02 — Fig. 2D].
3.3. Object recognition
We found that the male mice spent less time in object exploration
during the training phase than their female counterparts [F(1,45) =
5.531; P b 0.05 — Fig. 3A]. On the other hand, no signiﬁcant differences
regarding gender or epilepsy were found when the recognition index
was measured 4 h after training (i.e. short-term memory) [F(1,39) =
1.903; P N 0.05 — Fig. 3B]. Conversely, epileptic mice, independent of
gender, showed a decreased recognition index 24 h after training
(i.e. long-term memory) [F(1,38) = 11.64; P b 0.002 — Fig. 3C].
3.4. Beam walk and rotarod tests
In this test we found that the female mice, regardless of epilepsy,
presented a shorter latency to cross the beam [F(1,44) = 5.252;
P b 0.05— Fig. 4A] when compared to their male counterparts. Interest-
ingly, a conceptually similar result was found in the rotarod test. Statis-
tical analysis revealed that latency to fall of the rod was signiﬁcantly
lower inmales [H(1,27)= 4.279; P b 0.05— Fig. 4B]. No statistically sig-
niﬁcant differences were found between control and epileptic mice in
these tests.
3.5. Barnes maze
Statistical analyses revealed that the control and epileptic mice of
both genders satisfactorily learned to ﬁnd the escape box in the Barnes
maze apparatus, as revealed by a signiﬁcant main effect for session
number [F(3,69)= 39.14; P b 0.0001— Fig. 5]. Interestingly, the epilep-
tic mice, independent of gender, required more time to ﬁnd the escape
box in the ﬁrst block of trials (i.e. session #1) [F(1,23)=7.654; P b 0.02].
No signiﬁcant differences were found between the epileptic and age-
matched controls regarding the latency to ﬁnd the escape box in the
other sessions (#2, 3 and 4).
3.6. Forced swimming and taste preference tests
In the forced swim test we found that the epileptic male, but not the
femalemice presented shorter immobility time than their control coun-
terparts [F(1,36) = 4.626; P b 0.05 — Fig. 6A]. On the other hand, we
found that the epileptic mice of both genders displayed decreased su-
crose preference than their respective controls [F(1,31) = 4.764;
P b 0.05 — Fig. 6B]. No signiﬁcant differences were found regarding
total ﬂuid (water plus sucrose) consumption [F(1,31) = 0.2596;
P N 0.05— data not shown].
3.7. Histopathology
Statistical analyses revealed that the epileptic mice of both genders
presented a statistically signiﬁcant cell loss in the hilus of dentate
gyrus [F(1,14) = 9.619; P b 0.008 — Fig. 7] when compared to their
age-matched controls. Magnitude of cell loss was similar between the
male and female epileptic mice (41.11% and 28.01% respectively).
4. Discussion
Cognitive and behavioral deﬁcits represent a serious neuropsycho-
logical problem in people suffering from TLE [3,22]. In fact, in addition
to epileptic seizures, the quality of life of epilepsy patients is critically af-
fected by several neurological comorbidities occurring in the interictal
or ictal/postictal states, including depression, anxiety and cognitivedeﬁcits [23]. For instance, the quantiﬁcation of depression appears to
be a better predictor of quality of life than the frequency of seizures,
and depressed patients perceive more severity of their epilepsy [24].
Moreover, epidemiological evidence indicates that some antiepileptic
drugs also improve the epilepsy patient's mood [24], and that the prev-
alence of comorbidities is higher among patients with poorly controlled
seizures [25]. Importantly, the etiology of epilepsy comorbidities has
been attributed to several factors, including the frequency and severity
of seizures, presence of primary neuropathology (e.g. hippocampal scle-
rosis), occurrence of electroencephalographic abnormalities, iatrogenic
effects of antiepileptic medications and also the stigma associated
with the disorder [22].
In this context, the identiﬁcation of predictors and underlyingmecha-
nisms that contribute to the comorbidities of epilepsy is of fundamental
Fig. 5. Effect of pilocarpine-induced SE and gender on the latency to ﬁnd the escape box in
the Barnesmaze. *Indicates a signiﬁcant difference between epileptic and their respective
controls from the same gender. Data are mean + standard error of the mean for n = 6–9
per group (male control n = 6, female control n = 6, male SE n = 6, female SE n = 9).
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enhance our understanding of causal mechanisms underlying the associ-
ation between epilepsy and behavioral abnormalities [8,12]. In addition,
several factorsmay underlie differences in vulnerability to disease and re-
sponse to pharmacological treatment, and it has been proposed that an
important source of such variability depends on gender [26]. In fact,
gender-related differences in the prevalence, etiology and responses to
treatments of neuropsychiatric disorders are indeed well recognized
[26]. Therefore, in the present study we investigate the occurrence of po-
tential gender-related differences regarding behavioral alterations in
C57BL6 mice after pilocarpine-induced SE.
The open-ﬁeld test is based on the natural rodent exploratory in-
stincts in a novel place, and has been widely used to monitor locomo-
tion, exploration, anxiety, and risk assessment in response to a novel
environment [13]. In the present study we found that the epileptic
mice, regardless of gender, displayed several differences during the
open-ﬁeld test, when compared to the non-epileptic controls. First,
the epileptic mice spent less time in the center of the arena. Such in-
creased thigmotaxis of the epileptic C57BL/6 mice in the open ﬁeld
has been reported previously andmay either indicate increased anxiety
or stereotypic, impulsive behavior [8]. In fact, it has been demonstrated
that several reference anxiogenic drugs increased thigmotaxis, whereas
anxiolytic drugs reduced it [27]. In addition to increased thigmotaxis,
the pilocarpine-epileptic male and female mice presented an increased
latency to start the spontaneous exploration of the open ﬁeld arena, fur-
ther indicating increased anxiety-like behavior since a lower propensity
for exploration correlates with a higher level of anxiety [26]. Moreover,
the number of rearing responses was recorded, and we found that the
epileptic mice, independent of gender, presented less rearings than
their non-epileptic age-matched controls, another indicative of in-
creased anxiety. Interestingly, the female mice, regardless of epilepsy,
presented less rearing responses than themale mice. While such differ-
ence may indicate that C57BL/6 female mice in general display more
anxiety-like behavior than their male counterparts, taking such differ-
ence into account may help select the best gender to a given experi-
ment. Although no single behavior in the open-ﬁeld appears to reﬂect
only anxiety or emotional reactivity [28], it is possible that the male
C57BL/6 micemay be the best choice when the intervention in epilepsy
is predicted to decrease rearing behavior, whereas the female C57BL/6
mice may be more appropriated when an increase in the number of
rearings is hypothesized.
The impairment of a variety of memory types has been extensively
described in clinical and experimental TLE, including declarative and
spatial memories [3,22]. In this context, in the present study we found
that the epileptic mice present deﬁcits in recognition memory. This
type of declarative memory can be assessed in the novel object recogni-
tion test, which is based on the natural tendency of rodents to investi-
gate a novel object instead of a familiar one [14]. Accordingly, such
method has been widely used to study mutant mice, aging deﬁcits,Fig. 4. Effect of pilocarpine-induced SE and gender onmice behavior in the beamwalk test or in
signiﬁcant difference betweenmale and femalemice, regardless of epilepsy. Data aremean+ st
12,male SEn=8, female SEn=10) in the beamwalk test. Data aremedian interquartile ranges
n = 7) in the rotarod test.early developmental inﬂuences, nootropic manipulations, teratological
drug exposure and novelty seeking [14]. Here we found that the male
mice spent less time in object exploration in the training phase (i.e.
when presented to two identical objects). However, this fact seems
not to critically inﬂuence the performance in the test, since there are
no differences between the male and female mice regarding the recog-
nition index. Interestingly, the epileptic mice, regardless of gender,
displayed a lower recognition index than their respective controls
24 h after the training session, indicating that the pilocarpine-induced
SE impaired long termbut not short termmemory, since the recognition
indexwas similar between the control and epileptic animalswhen eval-
uated 4 h after the training.
In addition to object recognition memory, in the present study we
evaluated the mice spatial learning and memory by the Barnes maze
paradigm, a validated test often used for the assessment of rodents
[29]. The Barnes maze exploits the natural inclination of small rodents
to seek escape to a darkly lit, sheltered environment when placed in
an open arena under a bright, aversive illumination. We showed that
all the mice satisfactorily learned to ﬁnd the escape box in the Barnes
maze apparatus. Nevertheless, the epileptic mice, independent of gen-
der, requiredmore time to ﬁnd the escape box in the ﬁrst block of trials.
These data may be explained by the fact that the epileptic mice
displayed increased latency to start the spontaneous exploration of
themaze, similarly as seen in the open ﬁeld task. Indeed, these data fur-
ther suggest increased anxiety-like behavior following the pilocarpine-
induced SE in the C57BL/6 mice.
In order to evaluate the motor coordination and balance of the ani-
mals we performed the beam walk and the rotarod tests. In both teststhe rotarod test. (A) Latency to cross the beam and (B) latency to the ﬁrst fall. *Indicates a
andard error of themean for n=8–16 per group (male control n=16, female control n=
forn=7–8 per group (male control n=8, female control n=6,male SEn=10, female SE
Fig. 6. Effect of pilocarpine-induced SE and gender onmice behavior in the forced swimming and taste preference tests. (A) Immobility time and (B) sucrose preference. *Indicates a sig-
niﬁcant difference between epileptic and their respective controls from the same gender. Data are mean + standard error of the mean for n = 6–13 per group (A: male control n = 13,
female control n = 11, male SE n = 8, female SE n = 8; B: male control n = 13, female control n = 9, male SE n = 6, female SE n = 7).
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dependent of epilepsy, presented a shorter latency to cross the narrow
beam and a higher latency to fall off the rotarod apparatus. Overall, it
is possible that the male C57BL/6 mice may be the best choice when
the intervention is predicted to improve the ﬁne motor performance,
while the opposite seems to justify the choice for the female mice in
this test. In addition, the present data also indicate that the epileptic
C57BL6/J mice appear to not display deﬁcits in ﬁnemotor coordination.
To some extent, these ﬁndings appear in accordance with previous
studies using quinolinic acid lesioned animals [30]. For instance, it has
been demonstrated that intrahippocampal injection of quinolic acid in
the female C57BL6/J mice produced large lesions affecting 40–50% of
the hippocampus. Nevertheless, despite the severity of the lesion, the
mice did not show any impairment in the rotarod test, and none ofFig. 7. Effect of pilocarpine-induced SE and gender on the number of hilar cells in the dentate gy
lows: (B)male control, (C)male SE, (D) female control and (E) female SE. *Indicates a signiﬁcan
mean + standard error of the mean for n = 4–5 per group (male control n = 5, female controthe histopathological measures correlated with the latency to fall off
the rod [30].
Another important condition commonly associated with epilepsy is
depression, which represents one of the most disabling comorbidities
of epilepsy and impacts profoundly negatively the quality of life of pa-
tients with epilepsy [17]. Anhedonia, deﬁned as decreased ability to ex-
perience pleasure, is a core symptom of human depression [31].
Accordingly, it is an important diagnostic feature of a major depressive
disorder, and predicts antidepressant efﬁcacy [31]. Importantly, such
depression-like behavior is also present in the pilocarpine-epileptic
rats [17]. In the present study we found that the epileptic mice, regard-
less of gender, presented lower sucrose preference than their age-
matched non-epileptic controls, further suggesting that pilocarpine-
induced SE triggers depression-like behavior. In addition, we testedrus of mice hippocampus (A). Representative photomicrographs are shown in B–E, as fol-
t difference between epileptic and their respective controls from the same gender. Data are
l n = 5, male SE n = 4, female SE n = 4).
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depression-like behavior which has beenwidely used for the preclinical
screening of antidepressant action in patients [32]. We found that the
epileptic male mice increased motor activity in which most of the ani-
mals did not adopt an immobile posture, but rather were active over a
half period of this test. However, as originally proposed by Müller
et al. [8], the markedly reduced immobility of the epileptic male mice
in such test may not be an indicative of decreased depressive-like
behavior, but rather an abnormal behavior resulting from a problem
in understanding the context (i.e. epileptic male mice appears not to
understand that they cannot escape and therefore continue to effort)
[8].
As a consequence of the pilocarpine-induced SE, histopathologi-
cal changes have been observed in different hippocampal as well as
extra-hippocampal areas [12,33,34]. For instance, extensive loss of
neurons, astrocytosis, inﬂammation and subsequent synaptic reor-
ganization, such as aberrant mossy ﬁber sprouting, have been de-
scribed in this model [7,11,12,34,35]. In the present study we found
that the typical loss of neurons within the hilus of dentate gyrus oc-
curs at a similar magnitude in the epileptic male and female mice.
The present data is in accordance with a recent study by Bankstahl
et al. [9], who evaluated different substrains of the C57BL/6 mice of
both genders regarding development of epilepsy-associated hippo-
campal injury. Neuronal count in the CA1, CA3 and in the hilus of
dentate gyrus did not differ between the male and female epileptic
mice as well as between the C57BL/6 substrains [9]. Based on accu-
mulating literature on the pilocarpine model we believe that most
behavioral impairments arise from the morphological and functional
changes in the hippocampus. Nevertheless, neuronal loss has been
shown to occur in extrahippocampal areas such as the cerebral cor-
tex, striatum, amygdala and thalamus [7,36], indicating that several
brain areas are affected following SE. Although a causal relationship
between neuronal loss and behavioral comorbidities of epilepsy re-
mains elusive, most of the above cited areas are likely involved in
the regulation of mice behavior. Therefore, SE-elicited changes in
any of these areas may also contribute to the presently reported be-
havioral impairments.
At last, it is also important to note the potential limitations of the
current study. Since no systematic observations were done to detect
spontaneous seizures, a quantitative analysis of seizure frequency
and severity between genders was not possible, and therefore we
cannot rule out that differences in seizure frequency or severity
may help explain the differences in some tests. Indeed, it is not pos-
sible to determine whether the gender affected the severity epileptic
phenotype in terms of seizure frequency and severity, and also
whether seizure frequency or severity affected outcomes of behav-
ioral tests. This would be particularly important for tests lasting for
a long time and partly with no investigator present, such as the 24-
hour phase of the object recognition test or the taste preference
test and tests requiring several days of training, such as the Barnes
maze test. Therefore, monitoring of spontaneous seizures should be
part of the routine of future studies.5. Conclusions
By using a test battery for behavioral and cognitive alterations in the
pilocarpine-induced temporal lobe epilepsy in the C57BL/6 mice, we
found that mice of both genders display several of the behavioral and
cognitive disturbances that are associated with epilepsy in humans. Im-
portantly, we present evidence that some of the behavioral alterations
following the pilocarpine-induced SE are more evident in a given gen-
der. In this context, taking the potential differences into account may
help choose the more appropriate gender for a given task, which also
may be of value for the minimization of the number of animals used
during the experiments.Acknowledgments
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